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 
Abstract— Non volatile magnetic storage with high densities 
and fast rate data transfer is a primary need in recent computing 
technology. Perpendicular magnetized nano-dot is proposed to 
be an alternative media to make it real. The Switching mode 
behavior on perpendicularly magnetized nano-dot with volume 
50 nm × 50 nm × 20 nm  at a room temperature for magnetic 
storage application has been investigated by solved Landau 
Lifshift-Gilbert equation. The result is the material properties 
which quantitatively express as quality factor greatly affect the 
switching time. Critical value of quality factor becomes a 
boundary on the switching mode. 
 
Index Terms— Magnetic storage, perpendicular anisotropy, 
switching mode, room temperature, quality factor.  
I. INTRODUCTION 
  In 1980, read-write technology based on magnetic, such 
as on magnetic storage was introduced [1]. These applications 
give users some choices as a non-volatile, high density, fast 
transfer rate and low power consumes magnetic storage. 
Table I shows some key parameter of MRAM comparing to 
previous memory based on semiconductor technology.  
 
Table I. Comparison some key parameter on memory 
technology [2],[3] 
 
Parameter DRAM Flash MRAM 
Reading fast fast fast 
writing fast slow fast 
Densities high high High 
Volatility  no yes Yes 
Power consumed medium high low 
 
To realize the high densities memory, material which has 
the large anisotropy is required to ensure thermal stability 
[4]-[6]. The used of ferromagnetic multi-layer material with 
perpendicular magnetic anisotropy such as Co-Pt, Co-Pd, 
Co-Cr etc, promising realization of high density of memory in 
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the Gbit/cm
2
 order and fast rate data transfer up to Gbit/s 
order [7],[8]. The large writing field as an impact of large 
barrier energy becomes crucial problem in using 
perpendicular magnetic material [9]. Thermally assisted of 
magnetization reversal is one technique which can be 
proposed to reduce the barrier energy [9],[10].  
In order to realize fast rate data transfer, reversal time is an 
important parameter to be measured. From the previous study 
on thermally assisted of magnetization reversal scheme, for 
perpendicular magnetic anisotropy constant 3.0105 erg/cm3 
and magnetic saturation 2100/4π G, reversal time can be 
reduced up to ≈ 25% when the cell memory was heated [9]. 
Therefore, temperature of the cell memory becomes 
important properties for further investigated. In this study, the 
switching mode behavior on perpendicularly magnetized 
nano-dot at a room temperature will be investigated. The aim 
of this study is to evaluate the dependence of switching time 
to the quality factor, which represents the properties of 
material, at a room temperature. 
 
II. NUMERICAL MODEL 
 
(a) 
(b) 
 
Fig.1 (a) Nano-dot models which the volume is 50 nm × 50 
nm × 20 nm, (b) Unit cell (grid) models with 
perpendicular magnetic anisotropy. 
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For investigated the switching mode behavior on 
perpendicularly magnetic materials, a finite grid 
approximation was adopted, which a parallel piped dot a 
parallel piped dot with perpendicular anisotropy was 
discretized into a two dimensional array of rectangular 
numerical grid (called nano-dot). Model of the magnetized 
nano-dot is shown at Fig.1. Volume of this nano-dot is 50 nm 
× 50 nm × 20 nm and the Currie temperature as big as 373 K.  
To solve the motion of magnetization, Landau-Lifshift 
Gilbert equation has been used [11]-[13].  
 
i
i i
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dt M dt
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M M
M H M          (1) 
 
where M is the magnetization, Heff is an affective field, α is 
gilbert damping constant (= 0.3), γ is gyromagnetic ratio (= 
1.76×10
7 
Oe
-1
.s
-1
) and Ms is magnetic saturation. Other 
physical parameters used in the simulation are exchange 
stiffness constant A = 1×10
7 
erg/cm, integration time step dt = 
0.12 ps and perpendicular magnetic anisotropy constant Ku  = 
8104 erg/cm3; 9104 erg/cm3 and 3105 erg/cm3. 
To evaluate the switching mode at room temperature, three 
term of field has been calculated on this affective field 
[4],[13],[14] 
 
H H H H
i i i i
eff k D ex                       (2) 
 
for Hk is an anisotropy field, HD is a demagnetization field and 
Hex is an exchange field. At a room temperature, thermal 
fluctuation was neglected.  The Heff is given as the functional 
derivative of the energy density w respect to M 
 
eff
w
H
M


                                  (3)    
 
In this study, interactions are expressed not as 
particle-particle interaction on the atomic scale, but are 
contained in macroscopic energy density. The total energy E 
which is given as the integral functional of the energy density 
w respect to volume element dv 
 
E wdv                                  (4) 
 
This total energy E has a minimum value for the equilibrium 
configuration. If the magnetic size sufficiently small, large 
barrier energy ΔE becomes crucial aspect to ensure thermal 
stability. Field dependence of ΔE is defined by following 
equation  
 
2
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H
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 
                        (5)    
 
where parameters K0 is material anisotropy , V0  is a volume 
and H0 describe the magnet’s real structure. Generally, 
thermal stability of small magnetic media demonstrated by 
Neel-Brown law [13] 
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where a value of 10
0 10 s
 . Eq. (6) can also be expressed as  
 
                             
0
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At initial, a nano-dot magnetized in the positive direction 
(M↑). Induced magnetic field (Hw) is applied in the negative 
direction which increase linearly from 0 up to 2 Tesla in 2.5 ns 
at a room temperature (Tw = 298 K), so that, the magnetization 
of nano-dot ordered on the induced field direction. 
Micromagnetic simulation scheme of this study is shown at 
Fig.2.  
 
 Tw 
298 K 
t (ns) 
2.5 
Hw (T) 
2 
t (ns) 
2.5 
 
Fig.2 Micromagnetic Simulation Scheme. 
.  
III. RESULT AND DISCUSSION 
In order to investigate a switching mode of ferromagnetic 
materials with perpendicular anisotropy, the one of an 
important property that must be evaluated is barrier energy 
(ΔE) which isolates the two minimum state of magnetization. 
In the first minimum state, a magnetization lie in the opposite 
direction of the induced magnetic field (M↑) and the other, the 
magnetization lie in the direction of the induced magnetic 
field (M↓). An example of the ΔE of perpendicular 
ferromagnetic material is shown at Fig.3. This ΔE was 
counted for perpendicular ferromagnetic material which the 
value of Ku = 3 × 10
5
 erg/cc and Ms = 2800/4π G at a room 
temperature.  
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The barrier energy existence implies that some threshold 
work must be done to reorient the magnetization right will 
turn. In this application, the induced magnetic field is used to 
switch the magnetization so that parallel to the field direction. 
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Fig.3 Barrier energy for Ku = 3 × 10
5
 erg/cm
3
 and Ms = 
2800/4π G at a room temperature. 
 
The magnetization can be express quantitatively as a 
normalizations factor which comparing the actual 
magnetization (Measy) to the initial magnetization (Msat), by 
the value from -1 to 1. Measy/Msat = 1 shows that the actual 
magnetization has the same value and parallel to the initial 
magnetization; Measy/Msat = 0 shows that there is no net 
magnetization and Measy/Msat = -1 shows that the actual 
magnetization has the same value and opposite to the initial 
magnetization. The magnetization process when the induced 
magnetic filed exerted on a perpendicular nano-dot in the 
opposite direction is shown at Fig.4. The condition at which 
the Measy/Msat = 0, the magnetization right will turn, and this 
point will call as switching point. The time which related to 
this point is called as a switching time (tswt).  
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Fig.4 Magnetization for Ku = 3 × 105 erg/cm
3
 and Ms = 
2800/4π G. 
 
The material properties greatly affect the switching time on 
perpendicular magnetized nano-dot. These material 
properties expressed in terms of quality factor (Qfactor). These 
interest quantities corresponding to the ratio between 
anisotropy and magnetic energies [14] 
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The Qfactor dependence of tswt represented at Fig.5. This 
Figure shows that, generally, increasing the value of Qfactor 
lead the longer switching time. For Ku = 3 × 10
5
 erg/cm
3
, the 
switching time increase rapidly in response to the increasing 
of Qfactor form 0.48 to 0.88 and will increase slowly from 0.88 
to 2.55. For Ku = 8 × 10
4
 erg/cc, the switching time increase 
rapidly in response to the increasing of Qfactor form 0.13 to 
0.25 and increase slowly from  0.25 to 0.68. For Ku = 9 × 10
4
 
erg/cm
3
, the switching time increase rapidly in response to the 
increasing of Qfactor form 0.14 to 0.30 and increase slowly 
from 0.30 to 0.76. Critical value of Qfactor becomes significant 
quantity in describing this switching mode. 
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Fig.5 Dependence of switching time, tswt, to the Qfactor at a 
room temperature. 
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Fig. 6. Dependence of barrier energy, ΔE, to the Qfactor at a 
room temperature. 
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To explain this occurrence, the existence of barrier energy 
on perpendicular magnetized nano-dot must be investigated. 
Fig.6 shows the correlation between barrier energy and Qfactor. 
The Critical value of Qfactor becomes the boundary of the 
switching mode on this nano-dot. For Qfactor less than its 
critical value, the barrier energy decreased rapidly to the 
increasing of Qfactor and for Qfactor more than its critical value, 
the barrier energy increased slowly to the increasing of Qfactor. 
Equation (8) shows how the combination value of the 
magnetic anisotropy and the magnetization energy give some 
specific properties of the materials. Micromagnetic graph at 
Fig.7 shows the affect of the Qfactor on the switching mode on 
perpendicular magnetized nano-dot for different Ku at a room 
temperature. As shown at Fig.7 (a),(b),(e),(f), for Qfactor more 
than its critical value, domain wall was formed regularly from 
the center. Otherwise, as shown at Fig. 7 (c), (d), (g), (h), for 
Qfactor less than its critical value, domain wall was formed 
irregularly. It means that the domain wall nucleation affect the 
magnitude of barrier energy on perpendicular magnetized 
nano-dot. 
 
     
t = 0 ns               t = 0.63 ns             t = 0.69 ns 
(a). Qfactor = 0.68 (> critical Qfactor) 
 
     
t = 0 ns               t = 0.58 ns            t = 0.65 ns 
(b). Qfactor = 0.25 (> critical Qfactor) 
 
     
t = 0 ns                t = 0.55 ns            t = 0.64 ns 
(c). Qfactor = 0.18 (< critical Qfactor) 
 
 
 
 
 
 
 
Fig.7 Micromagnetic graph. 
 
 
 
 
     
             t = 0 ns                 t = 0.47 ns            t = 0.57 ns 
(d). Qfactor = 0.13 (< critical Qfactor) 
 
     
             t = 0 ns               t = 0.92 ns            t = 0.97 ns 
(e). Qfactor = 2.5 (> critical Qfactor) 
 
 
     
              t = 0 ns              t = 0.71 ns             t = 0.78 ns 
(f). Qfactor = 0.94 (> critical Qfactor) 
 
     
              t = 0 ns                t = 0.62 ns             t = 0.70 ns 
(g). Qfactor = 0.68 (< critical Qfactor) 
 
     
               t = 0 ns               t = 0.50 ns             t = 0.66 ns 
(h). Qfactor = 0.48 (< critical Qfactor) 
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IV. CONCLUSION 
This paper describes the switching behavior on 
perpendicular magnetized nano-dot which is induced by 
external magnetic field at a room temperature. This study give 
the basic information on thermally assisted magnetization 
reversal scheme in order to realize a non-volatile, high density, 
fast transfer rate and low power consumes magnetic storage. 
The result is the material properties which quantitatively 
express as quality factor greatly affect the switching time. 
Critical quality factor existence on a magnetized nano-dot 
becomes a boundary which gives the different switching 
mode.  
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